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ABSTRACT 


The  Depot  Maintenance  SWBS  System  (DMSS)  is  a means 
of  projecting  shipyard  requirements  for  manpower  and  naterial 
by  Ship  Work  Breakdown  Structure  (SWBS) . Development  of  DMSS 
included  the  development  of  oonputer  programs  and  the  associ*- 
ated  data  bases.  This  report  presents  the  results  of  the 
effort  to  develop  the  initial  DNSS  data  base. 


1.  IWIKXXXniON 


The  Depot  Maintenance  SWBS  System  (CMSS)  is  being  developed  by  the 

Naval  Sea  Systems  Coimand  (NAVStA)  to  report  projected  shipyard  require- 

* 

ments  for  nanpower  and  material  by  Ship  Work  Breakdown  Structure  (SWBS) 
as  required  by  DOD  INSl  4151.15.  The  David  W.  Taylor  Naval  Ship  Research 
and  Development  Center  (DaWKSDC)  has  provided  technical  support  to  NAVStA 
in  the  areas  of  systems  development,  conputer  prograitiring,  and  data  base 
construction.  The  performing  organization  within  DTNSRDC  xs  the  Opera- 
tions Research  Division  (Code  1B6) , and  the  responsible  code  within 
NAVSLA  is  the  Depot  Maintenance  Planning  Branch  (Code  0713).  Documenta- 
tion of  the  system  and  the  conputer  programs  is  contained  in  a separate 
DTNSRDC  report.^ 

DTOSRDC  previously  supported  NAVStA  in  the  development  of  the  Depot 
Maintenance  Planning  and  Programming  System  (DMPPS) . The  DMPPS  projects 
shipyard  requirements  for  manpower  and  material  by  production  shop  cate- 
gory and  SWBS.  Documentation  of  the  conputer  programs  and  a description 

2 

of  the  overall  system  is  contained  in  a DINSRDC  report. 

The  development  of  the  data  bases  for  DMPPS  was  divided  into  separate 
efforts  for  repair  and  alterations  type  work.  A large  part  of  the  repair 
portion  of  an  availability  (scheduled  ship  overhaul)  for  a given  ship  is 
repeatable  from  availability  to  availability.  Since  the  repair  work  is 
repeatable,  future  repair  work  can  be  projected  from  past  repair  work. 
Therefore,  the  repair  data  base  was  developed  from  data  on  oonpleted 
availabilities  (historical  data).  This  data  base  consists  of  two  types  of 
data  - repair  profiles  which  break  down  the  total  ship  repair  work  by  SWBS 
category,  and  shop  vectors  which  break  down  the  work  within  a SWBS  cate- 

* The  prinary  division  of  SWBS  is  at  the  one-digit  level.  There 
are  nine  such  groups.  However,  each  one-digit  SWBS  is  further  sub-divided 
into  numerous  three-digit  SWBS  elements.  NAVSHIP  NOTICE  4790  of  18  July 
1973  describes  the  SWBS  categorization  in  detail. 

1.  Lamatrice,  L.,  J.  St.  Laurent  and  M.  Lamatrice,  "Depot  Main- 
tenance SWBS  System  (DMSS)  - System  Description",  DTNSRDC  report  in 
preparation. 

2.  Lanatrice,  L. , J.  St.  Laurent  and  M.  Lamatrice,  "Depot  Main- 
tenance Planning  and  Programming  System  (DMPPS)  - System  Description", 
DTNSRDC  report  in  preparation. 


gory  by  shipyard  production  shop.  The  SWBS  categories  used  in  both  cases 
are  groupings  of  three-digit  SMBS  elements.  In  addition,  a one-digit  SMBS 
summary  is  available  for  the  repair  profiles  which  gives  the  fraction  of 
repair  work  expended  in  each  one-digit  SVBS  group.  The  repair  profiles, 
constructed  along  ship  class  lines  (and  type  of  work),  %#ere  derived  from 
data  extracted  from  shipyard  departure  reports  (NAVSHIPS  Report  FA-90SA) 
on  conpleted  overhauls.  The  profiles  not  only  formed  one  of  the  key 
inputs  to  the  DMPPS,  but  were  also  useful  in  constructing  the  initial  OMSS 
data  base. 

The  alteration  portion  of  an  availability  is  conposed  of  many  sepa- 
rate alterations  which  are  not  repeatable  on  the  same  ship.  However, 
within  the  same  class  of  ship  alterations  are  repeatable.  Therefore,  the 
ship  alteration  data  base  for  DMPPS  was  developed  by  collecting  data  on 
individual  ship  alterations  for  each  ship  class.  The  total  of  the  indi- 
vidual ship  alterations  was  then  used  to  project  the  alteration  portion  of 
an  availability.  The  Ship  Alteration  Management  Information  System 
(SAMIS),  developed  by  NAVSEA  042,  was  the  source  of  scheduled  ship  alter- 
ations for  the  DMPPS.  Ihe  infornation  listed  in  SAMIS  for  each  ship 
alteration  includes  ship  type,  ship  class,  ship  alteration  number,  man- 
days  required,  and  SMBS.  The  results  of  the  effort  to  develop  the  altera- 
tion data  base  are  documented  in  a DINSRDC  report.^ 

The  development  of  the  data  base  for  the  DMSS  incorporated  many 
of  the  features  developed  for  the  DMPPS  data  base.  The  ideas,  emd  actual 
data,  of  features  such  as  repair  profiles  and  the  use  of  SAMIS  played  an 
active  role  in  the  DMSS  data  base  development. 


3.  Hubai,  P.,  "Depot  Maintenance  Planning  and  Programming  System 
Major  Ship  Alteration  Data  Base",  DTNSRDC  Report  77-0063,  June  1977. 
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2.  TASK  DESCRIPIION 


2.1  OBJLCTIVE 

The  objective  was  to  develop  the  data  base  for  the  DMSS.  Each  availa- 
bility is  described  by  two  SWBS  ratios,  one  for  the  repair  portion  of  the 
work  and  one  for  the  alteration  portion  of  the  work.  A SkfiS  ratio  is  the 
decittal  fraction  of  the  work  done  in  each  of  the  one-digit  SWBS  groups  to 
the  total  work  done. 

2.2  METHODOLOGY 

The  methodology  consisted  of  the  following  steps: 
o Determine  DMSS  data  requirements 
o Identify  data  sources 
o Collect  data 
o Process  data 
o Establish  data  file 

2.3  DATA  REQUIREMENTS 

2 

Ihe  Depot  Maintenance  Assignment  File  (DMAF)  is  the  list  of  avail- 
abilities (scheduled  ship  overhauls)  which  determines  the  data  base  re- 
quirements for  the  DMSS.  For  each  availability,  DMAF  contains  information 
on  type  work,  dates,  shipyard,  man-days,  and  percent  alteration.  The  list 
of  availabilities  and  the  type  of  work  determine  the  data  requirements; 
i.e. , the  data  base  must  contain  information  on  each  type  of  work  per- 
formed on  each  ship  class. 


2.4  DATA  SOURCES 

The  data  were  gathered  from  sources  already  available  at  DTOSRDC. 
These  included  historical  data  provided  by  the  shipyards,  DMPPS  repair 
profiles,  and  SAMIS. 

2.4.1  One-Digit  Sv«S  Shipyard  Tapes 

Magnetic  tapes  were  sent  monthly  to  DTOSRDC  from  each  of  the  eight 
major  Navy  shipyards  during  the  period  from  September  1974  to  July  1976. 
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The^e  tapes  contained  expenditures  for  each  availability,  by  or^e-diqit 
SWBS  group  and  by  production  shop  category.  At  the  oonpletion  of  an 
availability,  SWBS/shop  rratrioes  were  generated  for  the  availabilities 
repair  work  and  alterations  work.  These  matrices  give  the  breakdown 
(in  terms  of  fractions)  of  the  total  repair  or  alteration  man-days  by  both 
one-digit  SWBS  and  production  shop  category.  That  is,  each  element  of  the 
matrix  indicates  the  fraction  of  the  availabilities  repair  or  alterations 
work  done  in  each  SWBS  and  each  shop.  Tfiese  matrices  therefore  contained 
the  SWBS  ratios  needed  by  DMSS  for  each  type  of  work.  Matching  the  DMSS 
data  requirements  with  the  available  one-digit  matrices  provided  much  of 
the  data  required  by  DMSS. 

2.4.2  Three-Digit  SWBS  Shipyard  Tapes 

Beoinning  in  October  1976,  DTNShDC  received  quarterly  from  the  ship- 
yards a tape  containing  production  shop  and  three-digit  SWBS  data  for  each 
completed  availability.  Matrices  generated  from  these  tapes  also  included 
one-digit  SWBS  ratios  for  each  availability.  These  ratios  were  used  with 
the  ratios  developed  from  the  one-digit  SWBS  tapes  in  the  construction  of 
the  data  base. 

2.4.3  Comparable  Ship  Types  and  Classes 

Ship  groups,  consisting  of  one  or  more  ship  classes  having  similar 
repair  and  alteration  requirements,  were  identified.  The  available  SWBS 
ratios  for  the  ships  in  the  group  were  then  combined  to  form  an  average 
SWBS  ratio  for  the  ship  group  and  for  a particular  type  of  work.  A 
comparison  of  the  data  available  with  the  data  required  indicated  that 
ther^  were  still  many  ship  classes  (or  types)  and  types  of  work  for  which 
no  shipyard  data  were  available.  In  some  of  these  cases,  data  from  other 
ship  groups  could  be  used  for  the  initial  data  base.  For  example,  the 
LHA  is  a new  type  of  ship  just  entering  service;  therefore,  no  data  are 
available  on  completed  overhauls.  The  LHA  is  most  similar  to  the  LPH  type 
ship;  therefore,  the  LPH  data  were  used  for  the  LHA. 

Also,  if  data  for  different  types  of  work  are  required  for  a ship 
type,  but  data  are  available  for  only  one  type  of  work,  the  available  data 
can  be  used  for  all  types  of  work  for  that  ship  type.  This  method  was 
used  to  extend  the  coverage  of  the  available  data. 
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2.4.4  Repair  Profile  and  SAMIS 

T^e  repair  profile  data  base  of  the  DMPPS  was  used  to  develop  the 
repair  SVCS  ratios  for  availabilities  that  could  not  be  covered  by  ship- 
yard tapes  or  by  similar  ships.  The  SWBS  ratios  for  the  alteration  por- 
tion of  these  availabilities  were  developed  by  adding  the  scheduled  al- 
terations as  listed  in  SAMIS  by  single-digit  SWBS  and  then  forming  the 
ratio.  All  data  requirements  that  could  not  be  covered  by  the  first  three 
sources  were  covered  by  this  method. 
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3.  DATA  COLLiXniUN  AND  PktXLSSlNG 


3.1  DATA  COLLBCTION 

Ttie  initial  DMSS  data  requirements  as  detenninea  from  DMAF  are 
presented  in  Table  1 for  each  ship  type  and  class  and  for  each  type  work. 
The  initial  ship  type  arxl  class  groupings  were  as  setup  for  the  repair 
profiles  of  the  DMPPS.  The  only  types  of  work  considerea  were  regular 
overhauls  (HO),  restricted  availabilities  (KA) , overhauls  to  Naval  Reserve 
training  ships  (NKT) , and  Refuelings  (RF) . 

With  the  data  requirements  established,  the  precedence  for  collecting 
aata  was  first  from  shipyard  tapes,  either  the  one-  or  three-digit  SWBT. 
tapes.  Table  2 lists  the  completed  availabilities  from  which  data  were 
collected  from  the  shipyard  tapes. 

The  similar  ships  method  was  then  used  to  extend  the  shipyard  tape 
coverage  to  other  classes  and  other  types  of  work.  Ihese  results  are 
presented  in  Table  3. 

Repair  profiles  and  SAMIS  were  then  used  to  fulfill  the  roTiaining 
data  requirements.  Table  4 lists  the  ship  types  wfcse  data  was  developed 
using  repair  profiles  and  SAMIS. 

3.2  DATA  PHCCLSSING 

The  data  obtained  from  the  one-digit  SWBS  shipyard  tapes  were  pro- 
cessed through  a computer  program  which  changed  the  format  tor  input  to  a 
later  program  and  re-normalized  the  ratios  to  insure  that  they  summed  to 
1.0.  The  input  included  an  identification  cata  which  listed  ship  type 
and  class,  data  source  (hull  number)  and  man-days  expended  tor  repair  and 
alteration  type  work.  The  repair  and  alteration  SWBS  ratios  followed  the 
identification  card.  The  output  included  the  identification  card  and  the 
reformated  SWBS  ratios. 

Frequently  data  for  more  than  one  ship  in  a class  were  obtained 
from  either  the  one-  or  three-digit  shipyard  tapes.  Therefore,  a conputer 
program  which  coirbined  the  single  ship  ratios  was  useo  to  produce  an 
average  ratio.  The  input  included  a category  definition  card  which 
identified  the  type  and  hull  nunbers  covered  by  the  data  to  be  averaged. 


and  the  single  ship  SV®S  ratios  such  as  were  output  from  the  precjeding 
program.  The  program  multiplies  the  SV®S  ratio  by  the  nan-day  figure  to 
produce  a SWBS  spread.  It  then  sums  the  nandays  for  each  one-digit  SVCS 
and  the  total#  and  divides  to  produce  a combined  ships  average  SWBS  ratio. 
The  resultant  SV©S  ratio  is  then  normalized  to  1.0.  This  process  is  done 
for  both  repair  work  and  alteration  work.  The  output  consists  of  punched 
cards  which  contain  the  category  definition  data#  the  repair  and  altera- 
tion mandays#  and  repair  and  alteration  SWBS  ratios. 

The  data  produced  from  the  similar  ships  method  were  duplicated 
from  the  averaged  ratios:  data  developed  from  repair  profiles  and  SAMIS 
was  produced  in  the  fornet  of  this  average  ratio.  However#  all  data 
were  processed  through  the  averaging  program  to  insure  that  the  ratios  sum 
to  1.0. 
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TABLE  2 - DATA  GATHERiD  FROM  SHIPYARD  TAPES 


I I SHIP  TYPE 

I AND  CLASS 

I 

IAD-37 

IMIiM 


I NUMBER  I WORK  | 


TABLE  3 - SIMILAR  SHIP  TYPES 


4.  SWBS  RATIOS 


The  final  SV®S  ratios  included  in  the  initial  data  base  are  presented 
in  Table  5.  The  first  two  columns,  ship  type  and  hull  range,  define  the 
ship  category  to  which  the  data  apply.  The  third  column,  TV,  specifies 
the  type  of  work  as  defined  in  Section  3.1.  An  additional  type  of  work, 
OTVi,  is  used  here  to  denote  that  the  data  are  used  for  all  types  of  work 
that  may  occur.  The  comment  column  gives  the  data  source  if  the  data  were 
developed  from  the  similar  ships  or  profile  and  SAMIS  methods.  The 
remaining  columns  list  the  SV®S  ratios  for  each  one-digit  SWBS  group.  At 
the  far  right,  the  R denotes  the  repair  ratio  and  the  A denotes  the 
alteration  ratio. 


l: 


i 

i 
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TABLE  5 - DflSS  REJ’AIR  ANT)  ALTLBATia^  SWBS  IVvTIOS 


(CUnNII/JCD)  5 TIfIVj;, 


TABIJ:  5 (CONTINUED) 
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SINGLE  DIGIT  SW«$  MATIOS 


TABLE  5 (COrTTlNUED) 


5.  UPDAIING  PROCEDURES 


Updating  the  data  base  becomes  necessary  either  because  the  data 
requirements  change  or  because  additional  data  become  available  from 
the  three-digit  SWBS  shipyard  tapes.  If  the  requirements  change,  the 
methodology  used  in  the  development  of  the  initial  data  base  should  be 
repeated  (i.e. , define  requirement,  identify  data  source,  collect  and 
process  data,  include  in  data  file). 

If  new  data  become  available  from  the  three-digit  SVvBS  tapes,  the 
source  of  the  existing  data  determines  how  the  new  data  are  incorporated 
into  the  data  base.  If  the  previous  data  were  developed  from  the  similar 
ships  or  profile  and  SAMIS  methodology,  the  new  data  replace  the  previous 
data.  If  the  previous  data  were  from  shipyard  tapes,  the  new  data  should 
be  combined  with  the  previous  data.  In  either  case  the  averaging  program, 
should  be  run,  even  if  only  one  SWBS  ratio  is  available,  so  that  the  final 
data  are  normalized  to  1.0. 
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